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• large data statistics at the Z pole:
15 million hadronic and 2 million leptonic events
• above W-pair threshold:
luminosity 460 – 500 pb−1 per experiment
•more than 7000 W-pair events per experiment
•most W results include new 192 – 202 GeV data
XXXVth Rencontres de Moriond Arno Straessner


























• important for mass measurement: qqqq and qqν
Example:
e+e− → qqµν
DALI_E2     ECM=200   Pch=123. Efl=169. Ewi=64.5 Eha=15.5  lvvqq              
            Nch=18    EV1=.799 EV2=.772 EV3=.361 ThT=2.14           99−08−02 1ALEPH
7.9Gev EC
5.8Gev HC






































• reconstruct lepton and jets
• impose kinematic constraints:
E and p conservation→ 1C for qqν, 4C for qqqq
equal masses of recontructed W’s→ +1C
→ (M1,M2) or Maverage with improved resolution (A,L,O)
→ complete likelihood function (D)







→ best from χ2 fit (L) or best pairing algorithm (A) or
jet pairing likelihood (O) or all pairings (D)
• also gluon radiation is taken into account
→ split into 4 and 5 jet sample (D,O)



















































Data  (Luminosity = 237 pb-1)
MC (mW = 80.60 GeV/c2)
Non-WW background































OPAL 192-202 GeV preliminary
→ compare reweighted Monte Carlo to data (A,L,O)
→ convolute differential cross-section with resolution
function (D)
→ fit Breit-Wigner curve to measured mass spectrum (O)
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• LEP energy error ∆Ebeam = 20− 21 MeV
⇒∆MW = ∆EbeamEbeam · MW = 17 MeV
• new LEP spectrometer→ precision ∆Ebeam < 15 MeV











• cross-talk affects reconstruction of invariant masses
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BE correlations only inside each W?
• systematic error is estimated with MC models
for BE→ with and w/o cross-talk
for CR→ SK I, SK II, SK II’, ARIADNE I and II,
HERWIG, GH
• error due to FSI: 52 MeV on qqqq and 18 MeV on ffff
statistical error: 37 MeV and 27 MeV
• look at mass difference MW(4q) – MW(non 4q)
∆M = 35 ± 55 MeV (LEP combined)
• no significant difference visible







80.449 ± 0.065 GeV
80.308 ± 0.091 GeV
80.353 ± 0.088 GeV
80.446 ± 0.064 GeV
80.401 ± 0.049 GeV
   FSI 0.018 GeV
  LEP 0.017 GeV
χ2/dof = 30.7 / 27
LEP W-Mass (172-202 GeV)
preliminary
80 80.2 80.4 80.6 80.8
W-Boson Mass  [GeV]
mW  [GeV]
χ2/DoF: 0.4 / 1
80 80.2 80.4 80.6
pp−-colliders 80.448 ± 0.062
LEP2 80.401 ± 0.048
Average 80.419 ± 0.038
NuTeV/CCFR 80.25 ± 0.11
LEP1/SLD/νN/mt 80.382 ± 0.026
(LEP2 value is a combination with MW from cross-section measurements)



















•W width is measured by
ALEPH ΓW = 2.17 ± 0.20 GeV (189-202 GeV)
DELPHI ΓW = 2.48 ± 0.41 GeV (183 GeV)
L3 ΓW = 2.18 ± 0.22 GeV (172-202 GeV)
OPAL ΓW = 1.86 ± 0.37 GeV (172-183 GeV)
• all LEP data combined
ΓW = 2.19 ± 0.15 GeV
• compare direct width determination by CDF
ΓW = 2.055 ± 0.125 GeV
XXXVth Rencontres de Moriond Arno Straessner
Results from Z peak data
•mass and width of the Z boson






• ratios of leptonic to hadronic partial widths R = Γhad/Γ
• leptonic pole asymmetries
A0,FB = 34AeAf with Af =
2gfVgfA
(gfV)2 + (gfA)2
• LEP average values (status of summer 1999):
MZ = 91.1871 ± 0.0021 GeV
ΓZ = 2.4944 ± 0.0024 GeV
σ0had = 41.544 ± 0.037 nb
R = 20.768 ± 0.024
A0,FB = 0.01701 ± 0.00095
• theory programs: ZFITTER 6.21, TOPAZ0 4.4, ALIBABA
3 LEP experiments published their Z peak results
F i n a l Combination is in Progress !!!
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• invisible Z decay width Γinv/Γ = 5.941± 0.016
• use Standard Model calculation for Γνν/Γ, then
Nν = 2.9835± 0.0083
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•more heavy flavour results. . .
R0b = 0.21642 ± 0.00073
R0c = 0.1674 ± 0.0038
A0,bFB = 0.0988 ± 0.0020
A0,cFB = 0.0692 ± 0.0037
Ab = 0.911 ± 0.025
Ac = 0.630 ± 0.026
•most recent updates ofAc by SLD are not yet included
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• asymmetry measurement with polarised beams
ALR = NL − NRNL + NR
1
Pe
•most precise determination ofAe = A0LR (new and final result)
Ae = 0.1514 ± 0.0022
• leptonic forward-backward left-right asymmetry
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Ae = 0.1548 ± 0.0058 (preliminary)
Aµ = 0.142 ± 0.015 (preliminary)
Aτ = 0.140 ± 0.015 (preliminary)
• all combined in
sin2θlepteff = 0.23096 ± 0.00026 (preliminary)
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• compare effective electroweak mixing angle
















χ2/d.o.f.: 4.8 / 5
χ2/d.o.f.: 12.4 / 6
Afb0,l 0.23107 ± 0.00053
Aτ 0.23210 ± 0.00056
Ae 0.23136 ± 0.00065
Afb0,b 0.23228 ± 0.00036
Afb0,c 0.23255 ± 0.00086
<Qfb> 0.2321 ± 0.0010
Average(LEP) 0.23192 ± 0.00023
Al(SLD) 0.23096 ± 0.00026
Average(LEP+SLD) 0.23149 ± 0.00017
∆αhad= 0.02804 ± 0.00065
(5)
αs= 0.119 ± 0.002
mt= 174.3 ± 5.1 GeV
• LEP and SLD averages still different



















LEP1, SLD, νN Data
LEP2, pp−  Data
• from electroweak fits
with LEP data: m t = 176+14−11 GeV
all data except direct MW: MW = 80.383 ± 0.026 GeV
Standard Model parameter relations confirmed
at quantum level
small Higgs masses preferred!

















m H = 67+60−33 GeV log(m H/ GeV) = 1.82
+0.28
−0.30
•with ∆α(5)had = 0.02784± 0.00026→ 25% better error on
log(m H/ GeV)
• the more conservative value yields
m H < 188 GeV at 95% CL
→ the Higgs boson is light . . . but heavier than
m H > 107.7 GeV at 95% CL
(limit from direct searches at LEP)
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• LEP measures W mass and width with increased precision
MW = 80.401 ± 0.048 GeV
ΓW = 2.19 ± 0.15 GeV
. . . in perfect agreement with fit to electroweak data
• for the future:
analysis of 1999 W-pair data continues
with 2000 data→ statistical error × 0.85
→ δMW = 35 MeV ⊕ FSI ⊕ LEP
LEP’s final word on the Z
The Standard Model still works
The Standard Model Higgs boson is light
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